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Disclosed is a method for manufacturing, without the use of surface OH groups, 
a supported metallocene catalyst by reacting metallocene compounds having 
an alkoxysilane group with highly reactive siloxane groups, which are produced 
when supports are dried as in Reaction Formula 4 at a high temperature. 

By using this method, supports having a much lower amount of surface 
hydroxy! groups could be used in order to eliminate the various side reactions 
caused by hydroxyl groups. 
<Reaction Formula 4> 
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(54) mMME mm * o\m oiji°i mmE wa 

a |tgg oha A | CWifSAii ^OHS SXI6H=UI 2J0U1 HS2I OH7IB 0IS6fe 3d 01 

0 1 LI 2.1 «(§^ 4°f ^01 HSOIlAi 2i£t! OH SilSSOl g feJ^£13IB OlggfOI &XIHS ?§2S el 

D. 

01 0|gS1E5 HS°I 6t0IE^^;i gSOl R6I SfS SHIS OlStt 4= SlU OIS 2ioH 5l0IEs^7IS 

£J5H S£B8fe Qg>'e! ^H!§S All 71 l l ^ 210. 
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CUHE 
E1 

9A1IA1 

EE? 21 2! Be! ^9 

E 1g MZ\d\ HS2I 61012^7121 ^ OH 2.1 ».aS2J2l &X\S EAle! £301 □. 
ilg°l & All el 

. . .»80l ^8JJb.?IA.S □.»OI2I.Sffl.3l* 

e ige oiaAl y£!7ll BI21E2I el ^011 51X12 CHISSi!! 2,0111 &18S0I E fe'^dUIB HE5 0II 
71X112 2dfe Ef»|£» «1§AI91 SXI *0H1 HISofe &S1I 011 0l§el 8315! gS Oil £!e! 2dOID. 
1976a ^§21 31BJ ^5»| IH^^l MEIOHgif^Ql^e 744= g6H6l01 2g Ollg^^Omtl(MAO) elilM 
§ 5^DHS AIS5I2 X|S3Ea!CllS£fOIE sl&sS ^OHS AtgofOI 1315! gffoil A!§S! 4= 2isS 
e2 olSCI (A. Anderson, J. G. Corde. J. Herwing, W. Kaminsky. A. Merck, R. Mottweiler, J. Pein, 
H. Sinn, and Vollmer, Angew. Chem, Int, Ed. Engl., 15, 630, 1976). 01 SSJTII ^OH^ 3IE2J 
XIS&I-UB ^0H7f =4 Sife =i|°! 1°1 H|&§ S01 ?D. ^, ^SE! g&x1l°| ^XH? ^371 § 

2, gg&OI gOISQ EES XII 2 BSf»l2l ^S7! SMShD. B£ol *0H2I £I2JE°! SS1AI5N gXll=10IU 
SIS! SES XI^STII SSIAia 4 2dg£ 01U £1 ^ OH £2.1 ^Xl CUSS Oil (021 SSfliei 2JJ1I id^ys 51 
& 4= 21D. 01 AS ^§! Siig 7IE2I XIS21-UB *DHS ^1 4= aa@ AHS? UgXIS Saslfe 
i'S 101 ?2!]3 Q U017! H3«0I 2^61^ SSCHS 4=XIS XII5S ^ 2db §01 ?»Q. 01 a S 01 
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^s. 01 ^ oh oil chs s^i mmm 01^01 X12 am. 

sEion-sais gleans g§8 2s g§. g§, gaai g§, jiy g§2? gnu 4= siu. 01 as g 

§1 2CHS A[g6l2 a=0H^ Oil 1*5*!! s;0HS 01XI<1>>2XI olfe b-301 01^01X12 S!Q. 21 & gSOILI if& 
£1 S§0HA1!= SiSPiei B?l §»g &I£»§J§ SCHAI9UI ?l6HAi g&SI2| 2J S&OIU SB?| l£| 5 
H5H0I §12 XI^»°J gSi £|gHA1 mmnDl £!g:>l°l si SOII B£l Mfe fflgg SX1IS SHloHOI e!Q. fi 
S}| iEi SJIAI3I2 DISS Slfi 8H3 6PI ?I§HA1 sflHB 2X11 g HI Oil ifXIAIS AlgolM SCI. Oia§» 
0I$?£ OflSfga! ajOHS 231 SfllOII 9X15*34= kBjOl DSolXII oipoiau. 

Oil US*!! ^0H5 9X1815= S2j gfLlh g^AI £I2}E2I §! ^BOII JIXI2 °!b 

Oil its*!! SlgJgS tJ&olOI 01 *!§}|g 01 Sol 01 fe'cl3l°l OH^Ifil 2(4} 3SAI3I if XI §15= 3iOICI.(R. 
Jackson, J. Ruddlesden., and D. J. Thompson, J. Organomet. Chem. 125 (1997), 57; B. L. 
Booth, G. C. Ofumme, C. Stacey, and P. J. T. Tait, J. Organomet. Chem. 315 (1986), 145; S?g m 
SI 29381 52). 01 5¥ OIBH 1 HI EUSOII did! &J£l3|o| OH5IB 0ISSD2 SAISI2 Si 

D. S|S1 29381 5S°I 5^ 1 1 CHI AH 15§§ £2! SXW^ki H32I 5I0I Eiffel Jl gfOI 0.5-50 mmol/g, 
H|§l 1 -20 mmol/g, 0 W3S|8t?ll!= 1 .5 ~ 1 0 mmol/g§ ?IXI2 Slfe A|g°!CI2 }|#8I2 SID. 

1 



Si— OH / , 




\ 



^ i EtOH 



□au oii^hH^'oi ohj\m o\^t\o\ gi\m di aem as wa ?m ^§01 * sid(d. j. 

Cardin, M. F. Lappert, and C. L. Raston, Chemistry of Organo-Zirconium and-Hafnium 
Compounds, John Wiley Song 1986, 96^). 

&>§^ 2 

Cp 2 ZrCI 2 + ROH -> Cp 2 ZrCI(OR), Cp 2 Zr(OR) 2 . CpZr{OR) : . : 

oiaa ^eoi sxiai £9°i ohji^ &xiofe oni^^ ^dh^s mo\M d\^so\ m^o\ aa. oiaei- « 

&}§0II °I6H 38 ^3 e§i ttH £^0H2! S^Om^OII 2JoH gSHSJCH U§ J^aOl £!0i §§a 

SHIM OPIS ^ SEe* OiaS SIS Oil °!6H £BS9 ^OH^En 1 ^0H5i il^X^ Di mm m% 

m mqi aaai ^oh^ ^ ass §10^^ ^£ aa. 

^ i§8 s^oii oh^pj sim &ais ommou S2I6H oi a ^^xi ^si§§ ^^ai-zj an arson &s 
3ioi ^di^fg n^oiiAi asms e^oi m\^MJ\j[ i^aeAi o^ 3^ as 

^I^F ^SaQt. 35 200-500 C C°I Hl^l ^ 2^^ ofOIE^^^Df ^^2? Ill 

^aoi ygaoi ^^t.ui;f tya£iu 25 ^£;f 600 & c 01 hi^epi cna? moi^^^ 

(l.-S. Chuang and G. E. Maciel, Journal of American Chemical Society, 1996, vol. 118, 
401). OlfifaOl 600 'C 0\m\k\ 2di£IOi ^ H ^£! SlgSOl E ^^iiUI^ 0^ 3i[ ^01 if^AI ^ 

^?I2F ^SbtD^ 310I EI21Cf (J. Blumel, Journal of American Chemical Society, 1995 vol. 

1 17, 21 12,; L. H. Dubois, Journal of American Chemical Society, 1993, vol. 1 15, 1 190). 
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S BtSOII AfgS 4= 2ig i?=AI &|gp|| 3UI2 2ig ^OHg 8ISJS|23 ClSlf 8315! ggMffl ftg 
S SOIg 6131 ll^-l 2) Eg (SSf&l 3)°g OI^CHJi sf A1 R ? , r\ B SOII 2Jg 4=± EfQIfOI 3 

oie sm oi& s^i (hbm»i on as apai *ies assom. 

R' 

I 

— Si-OR' 
I 

R 1 

COAi, 

r's= <s± aaa. e±<* i oiiAi 2o?ns sra &cia, oil! acis*. s^non yaa, otasrsi z\u 
a. Eg ssai Ems. &±*?= 1 -20]H^ s^ai dfu^om, 

R 2 g S±4= 10IIA1 203>Hg 8t2l aCISt, Oil! E.I □ U , ft30ta &Qif. 0li!8ta EfCISfOIP. 

gJbJAI 2 

(C 5 R' i fr ,)pBs(Cr.R ? m )MQ 3 .p 
gigj^ 3 

013IA1 Mg ivb SOIS^OIH, !C R'.)?! (C 5 R 3 ,.)g 2|2jO| R ? OI HJ\U US 4>± VtQIt, &±4> 1 -ZOJW 

s oi^chsi smj acisr. & h ?ny acia?, s^om aicii?, omaa aciit. sioiesshjs msei u= 

3^21 unesoiE ttCI&OiaU Eg OlSSfg ¥ e±SIPJ 610IES3lgJ EfasOII 2I6H 23330] 4-8 
2121 oj- Mmig^S!BCIOIiy Eg xl&E! MK)ISS8!EH:i0liy £I2!E0I2, 

sg E^Afs i-4£ ^ss nam acis. asanas Eg JiigoHs. srsi s^s Eg 0f°i2s ?g 

3 ? 5H2I ftrOISSUDDOIiy £I2JE Eg MIOIgSeBCIOIiy £l21E£URV y g SS 3S0II 2I6H ^01^ 
g DdlOIH, 

R^g ElCltt. E1±=£ 1-203HS 01^01 cJ Sttl BCItt. St90U 0H1 EJCISf. 8tU0t&! df 

ci^, on^n eiciuoih. 

jg va^ §j±oi3iu via^ gj±om. 

Qg ^ H31U £lCli?OI31U, Eh±^ 1-20JHS 0l=PO1£] S^U Bid I*, a?fiy aCIH, OH! 

aaa, ataota! aaa, o^^s Efcisoi^u Eg &±4=.i-2ojhs saaa £^cit?oi2, 

L8 =01^ 37I0ID. 

sfe OOI^U 1 0I2 0, 1, Efe 20ID. 

pJ\ OOI^ sb OOlCMOfSra, s^f IllmS 4012. sJ\ O0IS mg 50IQK 

zb J2I VA^ S±«| OH oH Ai 3012 VIA^ 31:4:011 QH6HAife 20ID. xb OOI^U 10IQ. x;^ 001 

3 ng 5012 yfe 1012 wfe OBQ 3D. s^t 1 0I£ y8 20I2 wfe OOID. 

g SfSOII ^iJ 4= £!b Oil §S 60 ^'0H2l CHH2J2! 51S2I Oil Al DS H 1 1f 3D. H3U 01 

2d°£ elSSIfe 2dE OfLID. Ol^lAi Xfe Oil^Alfe Sfe 0|| = AI0I2 ng 1 -200I ^IfeSICl. 

Oiaef ^^A| S!b DHl h Sdl siOHlE R. Jackson S(R. Jackson, J. Ruddlesden. and D. J. 

Thompson, R. Whelan, J. Organomet. Chem. 125 (1997). 57; B. L. Booth. G. C. Ofunne. C. 
Stacey, and P. J. T. Tait, J. Organomet. Chem. 315 (1986), 145; Si 2938155)011 °l §H £2E! 
ti\2\ SOI Sf^AI £&D\m J\l\7> 2Jg MmigSfilErPOIiy £IZlEg 3X1 SaSKM XI = 3h g^S SOI 

ifasr ^ st°u, § a eoi6f}iig oidi ysi ^asi afia Eg ^3iy?is ?ui2 ?a= mm^.t» §.mm 
moiEs^aioid sjsohm tia# 2^ 

g BfSOII A|g£|g SfllSfe 2gOIIAi 2J 3E El 01 HE! Oil ^SaOl E ^^6.^11 ?HI2 2ig 3dS AISe.1 
D. ?i1|Z1-2S, 2g(3IIA1 2d5g MSOK ^£I9K&PQIU. ^ £l3l-0r2Lil A|0f #01 MSM ^ S!2; OIS 
g iy»2S Na.O, KjCO;., BaSO,, Mg(NO) 2 S°! t[SJg, SfchS. St?a, S^S SgOl SSI 4= 

□ . g ago] 5 ( x f sgo 0|a)g} &fl|B ^squaI gfgf ?J5 Eg 84, MiS 31x11* Sffl? 
3Ai 2jSoh01 &X1I HS2| m2\OHJ\m X1l316f01 H^Oil ygSOl E MmttJ\m 3WI2 £!g 24S OigSI^ 
g SOI D. 2J5 gEg 600 'C OlfefOI HUf^gfP. OH3I2I gig £IE^ ^S2^^ 12U Eg OH3I 
m MJm= 2dg e^iJ£!Eg 0H3Q. OH3|2| ojOl 0.5 mmol/g 0I6I3^ dH^SID. H^2I OH3I2I SE 
>!3E SE, 2J5 AI2.fr. 2d5 g>g §011 2I5H 5SS ^ S!C(. 2i5 *(HI SSolfe 2*2} 21 OH3IC1I 2IS 

S S0I3I 91 8H S II Oil S^OIofg ^SSOI E ^^^3lg SgSfSAi 01 OH3IB §5,^21 HI31e.fr Sxlll 
0ISS 4=E HD. 

y3le} ^0H2I SHIS ygAI3i &II *0HB J3I5&D. 01 KH gOHSg nt}, ^g E»S 4=4: 

goH, a^cy, ss sa*± §oh, □gs^on&m ^g g^sixis xi&g m\^± mm. 

□ 01|gOIIE1|2. THF2I OIIEil^SI SOU. Oil All E. 0HHOIA1IE1IOIS § CH¥g-2l S3I §0H3h "a *f= SI 2 
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LI, SS», m^m, CllSgO||eiOI sjaSIO. §0H Si 01 S^AI91 SlgAIS ^E SiD. SJS 2 E 

= SMI 3SI30EOIIAI 150E)JIXI }|fe6ILI fe'S LH XI SMI 100E2I tHif^iolD. gfgAIL' SXI^iOHfe 
a J§ gOHS OllfSI^U 32i SHAI31 XOSKH DLHS AI8fi 4= S!2 §2513 S*P9!!9S ^yfll HEto!' 
01 MSS 4= SID. 

OlgTII HI3ES SXI ^OHS 8PI gJ&_^ 4, gJBS 5 Efe iS.^ 62S DBLHfe SISl ^RPI S&6I01 
Efe 01121 StfgBI SI i^oHg AlgofOI saifflSI 1S0II Olgffi 4= 21Q. 

-[akrVol- 

0PIA1 R 5 b 1!S2! EfCI^, Ehfc4» i LHXI. 2021 5I0IES3ISJ El D a E£fe I?S2!2£ XISS B±4= 1 LHXI 
202I gmiES^S DD^OIH 2|ZfO| R p| a?iu Dg ^ oi Cf afe 20 |A}o| g^oiD. 01 »Sgg 

ast&i 5 

'•(R ), 

opiai Ng g?oii asoin. R ! fe £pi (aej&i 5)ohai sasf hi°l an, 324121 r 5 ^ 2^ aau c\m 

4= S!D. 

asjAj 6 

[L-HHNEJ Eh [L] + [NE„] 

OPI0IIA1 LE IS Eh SOIS43 ^0I± ^012 Hh 4=± gJ XhOI CM Nh ?}|§H &2I )3 soj a±i M]fi 
IS a^Dlsill agOI2, Eh £f±4= 6 LHXI 202J OIS EIDIf. &±=£ I LHXI 2021 §101 

ES9I& 1 . a^Ai, nimAi eid^, s±, °j, s si ti± sxn s&sfe 1-2021 sknesshj bid 

St SOI PH 01 & XISS 3012, 43H2I Eh AiS a»L| D« 4= SID. 

mj { ( S b h Ai 4) g LIDLHXIh SIS12I Wife OUS^iPOI^y, OllgSf^Omth. OI±?gffl^Dmtf, ^BSf 
^OI^^SOI SID. £PI 0£!-i| 5)21 8t& 3^ §13821 Oll^h M£| OHH gfPOIs, ^ElOHSgf^Ols M 
EIOI£¥ay^Ols, MEIHSHy^Olis, SEI^gSfPOIs, DOjlBMSSS^OIfe, ME) 01 = 
Ols, MSI-s-¥§a¥Olfe, MEIAmiSSBHgB^OIfe, MEIE!B»POI&. e£|OI±C«§gfPOI^. SSI^ 

ysf^oiH, on a d 0111 %m ois, oiigcioiigsfspois, ^Eisuys^oiH, ^Ei-p-say^ois. a dub 

gfipOlHOH^AlE, DOIIS^POIsOII^AlE, §£1011135, EElOHSSg, MEIOI±^SBg. §l£|H£i!H 
§ei¥l5§ eOl SgfSD. (^&.^ 6)21 5I&S2I OHSb ^D0)ll!&ISU§EI|e£nniya5, 

gfSLisaiMEhiHiyeg, sdioiiggfeusE^edHiiiyas, MEiHsagfsusEiiMEmiya^, m.z\mm 

&2USE||eaKp-Sa)S^, MBIWSaaUSEBMEKo.p-QDIIgHiyjSg.- 

eEi^aasLi§EiissKp-sEisssoiisjiiiy)sM, sDona2feLisaiE£Kp-££isggoj|giaiy)s 
g, Ea^agfeu§EiiMD5i!Dsssiiiya-e, n.n- aoiiio^DDSEiiMDEiiyag, N,N-aoiigoi 
y DDgEusBHHiyss, N,N-aoiiyoiy DLi§Eiie£is!Eis^^ffliyas, DOHaa-susEn^Dsnas 
ssiuiya^, eamys^s^EiieEHmyas, E.z\mms±SmEimzm\'d^m, MaoiiiasugaiM 
Daiiyy^DiH, Ma^sssusaiMEHHiy^pois, MauosasusEflMEniiyspDife. 

a2USEI|e£fffl|yaso|fe, eBJOIiagfSU20IMSKp-Sa)8f^OlH,Mansttgf2USEI|eEKp-S 

Dy^Qis, ssioiiggf2Li§aiMEKo,p-a[Hiaiiiy)^^ois, MEi^ygfeugaiMEKp-^Eisss 
oiiyiy)y^ois. eaoiisasusaiMSKp-eaisssoiisiyja^oife, Ma^g&susaisEfe! 
QSssnysfPDiB, N.N-aoiiaoiysiLisaiMDniiyy^oife, N,N-DonsoiyEiLisaiMEUiiiyy 
*oi&. N.N-poiiBOJuausaMaHasssniiya^oife. □onaasusaiMasyBSssHiys^ 
ois, Maniiyfi^sfeEiisEniiiysf^QiH. sEifflias^sfeaiMEiffliyy^oife, MsioiiggfsuseiM 
Enaiysf^Dis, MEi^ygrsugEHMEmiyifipoiH, MEioiiaaEusaiMEHiyag, MEiHsiioia 
usai^EntiiysM, MEnniygf2u§ai^EKp-sa)ai, MEi=sMS-2Ugai^EKp-sa)aE, mei 
oiigasusaiMSKo.p-cioiiaffliyjsg, saoiisaaugaieeKo.p-aoiiaBiiyjas, MEi^aaa 

US0|eSKp-e£|»33oilBBI|y)aS, SEI0|ia8f2LISEIIM£Kp-^ei«SS0||«niy)aB. ^El^g 

gfausEiiMaHBsssBiiysg. N.N-aonaoiyEiLigaieEifiiiyaE, N,N-aonaoiyEiLisaiM 
aiasi, N.N-aoiiaoiyEiLigQieEittyDsggjtiiyas, poiiaasusEBsaaBsssHiwa 
sEiBnya^s^aisenyaE. MEimiy3musEiiMEKp-eEi#sgoiisiiii«)HS, MEiniiy^fa 
ugaie^aiEfssgiHiyeE soi sid. 

m\ ^msys.^mm Aigoioi mimiu mmn\m mzm oh Aiea^ §ohis 5 mxi 1221 

XI &s\^± SOU. (NIB 13 ey&. ajy, tH, 012! SI 01121 oiaaxiifi} sps«, suaiiii & 
I'f *± SOH, ISSSliailll g4:§!XIS XI &E! ^sf SOH?l 2f2t AIS1 4= 

S!3 0I1S S 01^ S^SIOI AISS 4=E SID. 

SXI ^OH£l ZE^OHg AISolOl g& J\^s} mi\\m\ B^XII2I MlSfe Oliag!!, Sffll Sam. AIOIM^' 

saisi §oi siEffl, oi s mrnm 2jw 01^ ^1x12 si^ cieu saisixii bsmi e^ ^Eien saisixii bsmi 

§S gi ;is6ID. 

aaaia oiisfe 011 a gy, ssHai, i-?i, i-snai, 4-na-i-ia, i-aa, i-aiai. 

l-EQIi!!, t-aiMEKil*y, 1 -sild^DliU, l-OIOI3d!. ESEi, ESDD2!!, OH a El 9! t am, bib' 

aatu, DAiois^sneae!], i,4-¥aass, t.s-eiejaes. 1.6-asAjoey. ±Eiej, yni-aia^Eie!. d 
hi yen si, 3-ss^aia±Eia! soi sieh on b^xhi is oiy susioi gisi 4= sia. 

SlfS 25 LHXI 500 'C S?I2I EE 40 LHXI 800 psig g?l2l Ef^OHAI ^Solffl, Oil if ^d! 14=21 1 LH 
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xi 30000 m 14=21 5^ohi sjisie soi timmmu. g aisoii sjoiw. *oh. 5^011. §011 §j agaia 

£Ai S! !=°J ±AiE §|g5l XilefEIXI m, 8X1 ^0H£f 5 = DH« SAIOH S§( §0110)1 !=°j 

ShCM §§m 4E S!2 StgSt SJg LHX1 Oil HI iS ° g §218 gAISt 2=£ SID. Ml Ul SSffllfe ^OH£f 5 
5 OH 21 gOHl ^g)e[ $ saiE! SJH5KHI S£oj o^oiiAi a&lel $ IBoWU D?I!M6I01 4 

.£!□. issi y§ife saiffl sioi oti ai sua gs2? iis ^ sjli. 

01 Sh ^AIOIIS S6f0) g H JS§ axllX12S OtlAI§UI°! g SfS2| S9-UI Oil fe'AIOilCHI 213101 HI sic, 
E 318 OfLID. 



^OH X1I£ gJ SiKHI ft2& ???l AI°>I1} gOHE Aldrich AI2I Merck AfOllAi ^98101 gfg££ gXllol 
259.01, OUggys Applied Gas Technology AI2I I!s>£ XllgS ? 21 8101 §J £1± 0121 SilB gJUAl 
2J $ S&8>S°01 ( ^OH &a. SXI §J gtJ2l 2E" BXIKHlAi g?|£1 ^E2I S^S »B8KM £321 IH»t 
aS feSD. iiS agX12l EXf^E Hg aS0rSacrIII3(GPC : Gel Permeation 

Chromatography^ ^§612!D. ^§§21 SEI gAIOII *§i 4 2!E feESfi^PI Waters 

Ai2i 150V j\mm xigsioi sei^eis! hsais2i sum«ss 3iss be $ gas agxn §sh ai?j 

* ^§5 r 25D. ^0H2I ?3Si t}°J6^| 2I6HA1 270 MHz Jeol iHXUIggUI (NMR) OIL! 300 MHz Broker 
(NMR)fi OlSmOl COCI, gOHOII ^01 ±ffl,'egs ^ohqi gj| & 0H£ | , cp 

(Inductively Coupled Plazma) Zr gi *§6f01 gfOP2!D. felcPI H32I »0IE^4I?| 

J. J. Fripiat£l J. UytterhoevenOI Journal of Physical Chemistry, 66, 800 (1962)0)1 1HS &fSCHS 

MeMgIS SjgofOI ^ofSJD. 

a) »=AI U&2IB i f xi s D HO| sr a 



200 m S£h±3(HI 9-a»^!-1-8 10.36 g2f nh£f3^2!!£SySS£K)IE 24.1 1 g2f U (Mil Oil Ell s 
200 mS yCH 3 <3ED. 01 S21±ai ^ -10 'C X1E20II BJI SEi & E±HS US 31^21 4= 

B5tim 353.5 gS 01 EECHlAi °> 10EOII HXi 2J26I SOI yED. -15 "C--5 'C (HI Ai °f 30g a Si el 
□ . 3 * 01 S^S S SI§1 200 mOII *{=□. 0IIEi|s*g S&IDDIS SE* 01 51 Oil E4= §yD[JL1l 
SI y 01 XliaSD. 012)6101 Sci 0H1UISS XII 1\ 512 §2i!S 200 m -MSB Mcf^BOII SOI £Sf 

51 cl S^?IS Oil Ell ^ ■ XIDIoKOI ? tl| 21 S^H Slfli g^CI. 01 SIS10I £!b ^|g a S£1^a0)| ?4 
THE 120 mlB ^feD. g§ X1S50II 01 S£l±31 NaCp (2 M, THE) 62 mil ^APIS VilfeD 

IS X1S5S Xl?2 &S0ilAi S{ 3~5AIZ> aaielD. 0I31S 1 STEIPIOII S3 1 200 m ^2 sqt} 

200 mS yOl S^oia ^^ISS 2gCI. 32IS0II StfOObll^B B01 ^!2i£l s^lB X1P1SH! 0121 
olCM &ti OPLMi X1I»^D. 2fS 515! S#5IS §0HB D X1l?1efD. ^21 bc^^!2l ^!X1I SlSii 
4 SifeCII OI2dS S^SIS 0.2 torrOIIAI °! 55 'C (HI Ai ±=£sf All y /XfOI SSH! E1D 2U 51511 9.643 
gg 4 S!D(^^S 65 %). 

250 m *li«a S21^aOIIA1 ?| «m °1E HmiWMmigSSyaCieU 9.643 gil THF lOO ml SbCI. oi 
3dS OIA1IS-E2IOIOfOI2i X1S5S -78 'OJIXI SEI LH&! $ a&fofSAi ?APIS n-^aEJS (2.5 
M, S!tfS9«) 26 mil 22161 tfOISD. Ai Ai 61 &SV\l\ 121 H ^SCMlAi HStefD. Inorganic 

Synthesis 1982, vol.21, 135011 ^SCHS ZrCI 4 afglgS^B PIE ZrCI, (THF) 2 12.26 gS E£I0I 

ai^OllAi §^6101 500 m SSI^aOII ya aSIOI ^±mk\ IH tH * 01 5 1 Oil 5^2!! 200 mi y 

ED. 9ICMIA1 gfAH S&! THF g°!JS ^SCMlAi §?| oj 0 | ZrCI. (THF) : ai SCH 2iE S^a! S^Hf 5 if 
efD. SE1 50-60 °C£ 6101 01 S&1S 3^^ Um&Q. 8EI 40 'CfllXI y§ $ ggog □= a 0H 

■ nwmu. ifoi2om« ya ims\o\ ^ais ^oia e^is ^ehoiiai sj\ s^koi ouua 

D. OJjlta g5«8 5Jg SIS DAI Oj^S XOorS S^! aXH2l S161E 51 if IS gi 4 o. D = 
65 %0ID. 

h' NMR (300 MHz, CDCI3) : 6.27 (2 H. t, J=2.6 Hz), 6.18 (2 H, t. J=2.6 Hz), 5.77(1 H, ddt, 
J = 7.5 Hz), 2.1-2.0(2 H, t, J = 7.5 Hz), 2.1-2.(2 H, m), 1.6-1 .3(4 H, m); 

'"C NMR (CDCI 3 ) : 138.6, 134.9. 116.7, 114.5, 112.2, 33.4, 30.1, 30.0, 28.5. 



9l01IAi tfSS [CH 2 =CH(CH 2 ) 4 C E .H4] 2 ZrCI 2 1.28 gS E2I0I ^^OIlAi SgoKM 100 m ^Iga §21^:3011 
* E D . E2I0I ^^CMlAi T)\ fcH s * ssoti 5 mB a3 aaiSfSAi S££CIMB41!f 1.2 ml y ED. 
l-'.PtCI. 0l:^ n .?Pi® S?2 (0.1 M) 20 mi yi? 61 T g£! &E(MIA1 ay SID. EE SOUS dJgSES XII 

;i6ia aia 100 mi yoi °»2i ?fS6ioi ssaioi s sshemi e?is ^ehoiiai oiaisia was § 
asuoii yoi si^a yxisie mm sss ^ hd(^^s 90 %). 

H NMR E^! (500 MHz, CDCI 3 ) : 6.27 (2 H, t. J=2.4 Hz), 6.18 (2 H, t. J=2.4 Hz), 2.60 (2 H, t. 
J = 7.5 Hz) 1.7-1.45 (2 H. m), 1.45-1.1 (4 H, m), 0.85-0.75 (2 H, m), 0.37 (6 H, s): 

''C NMR (CDCIo) : 134.9, 1 16.6, 112. 2, 32.5, 30.3. 30.0, 22.8, 18.8, 1 .6. 



9I0UA1 HI5S [CI(Me) 2 Si-(CH 2 ) e C,H 4 ] 2 ZrCl i 5I&1 1 .63 gOII S£IOII^2 = £S = OIIOI^ 4.7 ml y(H S 
a«]6ta 01? I Oil £?4AICI ? . °1 1 mgS yog ajAHgnj b t g 0 | SitSSD. ^ 2AIZ} ¥l S3 ?lfll S^OI 

SSQ. Jig §2? fl^a 2JE li'S E? lOS « 30 m «'cJS yOl ^PJD. 012|Sf * xig gag 
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Eb SOUS JEOolS 2SJ-S2I 2 ill sH!g(4=^s 1 .60 g, 95 %).0I 2CH2D. 

H NMR b^! (300 MHz. C0CI S ) : 6.27 (2H. t, J = 2.7 Hz). 6.18 (2H, t. J=2.7 Hz). 3.62 (2 H, q, 

J = 7.2 Hz), 2.60 (2 H. t. J = 7.5 Hz) 1.7-1. 2(16 H. m), 1.16 (3 H. t, J =7.2 Hz), 0.65-0.45 (2 H m) 
0.06 (6 H, s); 

'"C NMR (COCIj) : 135.1, 116.6, 112.3, 58.1, 112.3, 58.1, 33.1, 30.2, 30.2, 29.0, 23.1, 18.5, 
16.3, 0.37. 

b) fe'231 2 5 

§31011 Grace Davison 948 13231 2.0 gS §§*olOI S2 Lindberg M0IIA1 XII5S! HU^OIIAI w° 
¥- SEi &S0IIA1 S§ 7 °C*| S3 800 'OJ1XI §22 01 bEOIIAl 21AI2 &JSD. S§ 8fS2£ 200 
'C, 400 °C, 600 'CCHIA1 ±J231« 2J5§fa 

c) si\ mm 35 

b) 0HA1 25S ^231B E20I ^±0Hk\ 4^2 S253S §71 1JS6101 SlfcHQ. [(EtO)(Me) 2 Si- 
(CH,) ? C 5 H 4 ] 2 ZrCI 2 mmm a?6fOII ^2 (teE : 37 mg/m)S EMU 01 §^ 3.6 ml (2.0 mmol) £1 S| 
61 30 ml ybD. 01 tkl\l\m 18AI2! §2 2§^5&D. 2S if92g SH6101 10612 01 S 

xi *ohb dtuai mm oiesioi s^s goiis Aieaioi 2iJ2 ^e6ioi 2?? mmm mw sxi a 

XI mwm 2¥ XOelD. H 20IIA1 25 SEOII Q~lg S 4= SID. 

d) mm 

c) 0IIA) M3SS BXI SjOH 100 mgS E20I ^501IA1 § if 61 01 S?2 2S3I0II SB m ^S3I« gig 61 01 E 
201 ^150IIA1 Wt«Cl. 01 &1S3I0II Sfllef m* 200 mil an AkzoAIOIIXI XH5e! gJBOII ^01 B!b 8NP0I 

MMAO-3 (6. % Al) 2.0 mi y bD. 80 'C &b50IIAI 5 b2 m&fef $ Oil 33! 3 40 psig'21 21^61 
Oil ¥2ISD. 01 SE gf^OIIAI 1AI2 S2 SSSQ. S}g3IOH OIIBS 5 ml ■ yOl «1SS saSQ IB 
612 80 'C&g EbOHAI 256101 mZ\D\m AI231 25 SEOII Sim S2CH2I 2 1SE =£|01 

21 §Xl£f, B»S §51 H 1011 S 4= BID. 



«*S2] IJJ 

S lb &12312I 25SE2I 5lOIE-^^3l gjjU-SJ £.1311 SI 01 l(H 2012 SXI ^0H°l * 1SE21 01 

sxi ^ohs 2012 #20121 gxnr si swg §5i hoisp. 



[H 1] 



CO 


OH S 
mmol/a 


SUIT 
Zr % 


M £l 0) g{ 
a 


KqPe/Zr - h 


Mw 


Mw/Mn 


200 


1 1 .8 


1.1 


6.7 


0.56 


324500 


3.37 


400 


0.85 


1.1 


8.7 


0.73 


328000 


0.63 


600 


0,54 


0.98 


13.6 


1.2 


192000 


2.79 


800 


0.35 


0.85 


13.7 


1 .5 


189000 ' 


2.64 



25 b£31 ^S^m OH & CHS 610IEl=;y3l gfOI SCHEME BID. H22I §fOIE^^3| gfOI S 

£5 EfHifE Sf2f 2561L1 B 9S0I Sib 3ib olOIE^y 312121 SJgOII 2I6HA1 ^0H31 &XI i 4^ B!2 
LI ^SSOI E ^^t.1312121 oigOII 2ISHA1E SXI31 3fe§fS HOI 12I0ID. E ICllAi it ^ Bib HI 
£1 ttOI 610IE^iJ3l2l gfOI »S4^^ ^0H& SSX1I2I gfOI P^OIXII! 3^3 S1SE31 §316lb Jig S10I 
E^^3I£1 y§S101 SIIS ^OHb Oll^ol CHS ^^SIOII 2I6H SfS ^§01 ft£S £1X1 BfeDfe 3de 21 
01812 BJCHS 61^6.^1 Oil 2I5H &XI B 3dS ^&!S0I »01 CH¥g m&m SOIb 2S 201^2 BID 5101 
E^^3I3| ?lS^m WlSfSfl! ^0H2I aUSJ Ig §Xli* S5B 201b 2!E ^^^31011 2I§H EfXI 

E mW± SJ61b SSCHS sOl B!2D S10IES^?|(h| o\ m gj|=j s 0 y- "Hhg^i o|g H ^ 0H > f agfS g 
EHS S§H BieS AIA1SD. ^ H 1 21 E 1 S & ^S2I ge&t ^SSJ 510IE^^3I31 »2 HiggOl E ^ 
^31 B 31X12 B!b 0IS6101 ST^AI fei&?|g 31X12 Bib OH^Sfi! *OHS SXI» (Q 3I£2I §101 

E^^3IS OIS& (U 2D »SE2I §X1£? bEOHAi &SOI B!§S 201 ?b 31010. ^81 61012^^3121 
SOI s?gmsi 2938150IIA1 BISef 0.5 mmol/g 01313 BH S^g SSE31 qCHfilD2 Mw/Mn 01 SIHSIS 
201§S S 4^ BID. 

(57) S221 S9I 

S^S 1 • 600 TC 0\mik\ 25AI31 HBOII S?SaOI S Mmt}D\M 31X12 Bib &'231B 8f=AI ftJSf^l 
1 3I& MBSti! *-DH£l S2SAI31 231011 SXI3 DII^S^ *OHB 111561b »g. 

s^sz. same sasife &soii sioiai. 

600 "C OiyOHAi 25AI31 HBOII &tSSOI E M^dL^IB 31X12 Bib ^231B SI^AI M&l\m 312 OH it 
S4LI ^0H£1 ^eAI91 30i2 SXI ^DHS AlS&g sgos Sf - = a |nj g S tyg 

S^if3. XII 2&0II Bl OH Al, 

6131 gJ£^ 2 Eb SSJAl 32S DDLHCHXIb Oil if S 41" S1&12I R S , R 4 . B S2I 4^5 DD^OI 2101E 61 
LI 0I& 6131 a? Si^! IS DElLHOIXIb BID^S MffS £1^121 HSOII &1SS0I E fel^23IS 31X12 B! 
b SXIIH &tSAI51 ^8 SJSgS &XI ^DHS 612 &'S.t^ 4S DEILHOHXIb 93181 5^0HS A1S6101 
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"8?li£!S SSotfe gfg: 

Ri 



E„ R , 



01 PIAi. 

RE EE ElElif, 1 CHI ElElif, OfS EfEllf, Sf^'OhS El □ if 013 gig EIEI 

if, EE ElEllf, £f±E ?a§ gf^AI Em^OI2, 

r'e &±4* 10IIA1 203HS ESE 1 EJQS. OfS ElEllf, gf30t&! ElEllf, OUfgfii ElEli'Olffl; 

OIHJAj 2 

(C 5 R ,„),D,(CIU.)MQ. ; , 
gj bjai 3 

COAL 

Mi lVb 21013^012, 

(C 5 R"' ir ,)3J (ER'JE 2f2f2l R 3 0l l^U 4=± BfCllf, EJ^4= 1 ~20;HE Ol^OffJ ftU EfE||f, gf}||y 
ElEllf, Oli EfElif, gftJOli! ElEllf, OlH^lf ElEllf, 5fOIE^3hSS xl&9 14^ SE2I oil If £01 E £1 

□aoi?iu ee oie§ie ? e±sxw oioieesie 1 EiEiifoii 2i§n sisich 4~82t°i 2Eig Mf 01 

iE&iEIEIOIiy EE Xl&E! MIOIgSEjiBUOIiy EIEJE0I2, 

BE B±A^ 1-43HS ESS 8tSl@! ElEllf, ClilUUBie EE MlOffe, 8t& 5±5J EE 0I2JEE E 

S3 e JH21 MmigsaiEfaoiia eiz.ee ee MioiesaiEiEioiiy eieie£i jrV,b se i&oii ej § h = 01 

EE EIEI0I2. 

r'e EE BlEllf, 1-202HE 0|i?CH£! iffJ ElEllf. IfSjy El C! if , 01 if ElEllf, if SOU! ElEllf 

Olliiflf ElEIIfOIE. 

je va^ a±oi>iu via^ a±oi:a, 

QE ^E a^U Di if S3! BlEllfOIXU, S±4= 1 ~20JHE 0IEO12J gffJ ElEllf, Sf2!y E1EI& Oil! 

eieiie m^om bieue ommm EiEiafOEm ee eee i -2o?he es& grsaei eicisoih, 

LE §POIE SPI0II1. 

sE 001 » LI 1012 pE 0, 1 EE 20I2, 

P?f OOI0 sE OOICHOI 512, s7\ IS! ttH mg 40IOJ0I 6E, s}! OOIS mE 5012, 
zE J 21 VA^r S±OII CH5HA1E 3012 VIA^ gJ±OH CH6HA1E 20I2, 

xE OOI^U 1 0132. 

xJl 0012 ng 5012 yE 1012 wE 0EE1 32, 
s7\ 1012 nS 40112 yE 2012 wE 001 01: 

-[ai(rVo] ; - 
Ol^lAi. 

R f E &E2LI ElEllf. fEEE 1 LH XI 2021 6tOIES3Jffi ElEllf EE if£2!2E Xlffg EEE 1 LH XI 202I 

6I0IEE3HU aCISOI2 2|2t9i a?IU L\m E SiEOI, aE 201^21 S^OIffl, 01 agfgs yi, a 
8 EE SyAfSEs! EIH 7ik5|C(. 

"I?S 4. All 3S0II EOI/I. 

gjbjAi 2g LIBUICHJIE S[3hS2l r' * B^l fe^l IS.^ 121 ErPlfS XI SE! 5ISS2J 
I?8 5. HI 4S0II SiCHAl. 

fe^l gl"^ 2S LIEIUICHIIE £fifSOI sE 0, pE 1 SJ §fSS2! 
SES 6. HI 2&0II 210U1 

Sl^l SE»^ 2 EE aa&| 32E UEILHCH AIE OHIEEI sliJl g R\ r", B §21 EE EICI^OI »CHE 51 

li oi & 6i5i sst&i in i>E ei □ if e usa s.mmi\ hschi yssoi e ^mt}j\m m\n sie sail 

H}§AI31 2E £l°'S- SII *0HE 512 gJ 2.^ 5E LIEIUCH AlE slill 5^DHE AlgSICH gfll^S S 
ifolE as: 
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gj UJAI ] 
Ri 

I 

R' 

s 2 

(C 5 R 3 m ) p B s (C s R" m )MQo_ p 

B/ Q 

\ / N 

CM 51 Ai, iJ&f*' 1, gj&i^ 2, gJ gJSHy 38 III 3&0IIA1 §2lef bf£f 

A!(Rl, 
■ QUIA! 

R 5 fe= SIB.^ 4CHIA1 ^ji t 3 ; H oj R ? t= 2|^ f Qf§ ^ oiQ ( 

S^S 7. 111 69011 SlOtAi. 

Ah^| ^bhAi 2 ? ueuhoixise assa r ? ^ &d\ aa&i t°i uss gsgg ag> 

S^S 8. XHI 6S0II S101A1. 

a^| ^djAi 2 g uehhoiiic asgoi o, pi= 12! asss ^s. 

S 1 ?^ 9. HI 2S0II SI0W1, 

SPI 2 32? UEHHOillfe § R\ Fl', B -± ^CIKOI 3 0l£ 6^ 

U 0I& 6^1 m^^i 1? UEUH0UI{= £fU&^ XI SE! SIMJU 523 Oil &!SaOI g ^^^Ul^ J\I\H 91 

t= m\m &1SA191 g*s ati an ^oh? sua aet*i 62? ublhoixi^ s^ohs aisskm 

oj bj Al 1 
Ri 

I 

Ri 

Oj tij-Aj 2 

(C,R r( ,) c Bj(:,R :: rr ,)MQ,_ P 
S> Si^J 3 

<Cs*n) ^L w 
B/ ^M— Q 



\ 



(JR'fTy) 



[L-H]*[NE,]" [L] + [NEj" 
OUIA1. 

Ng ?JI§H 13^ 0111 13 grisly H^OIIQ, 

Efe &±&6-U\J.\-202l-Qm-&Q1tS. t?£3! Ef±« 1 LHXI 2021 mCIE£3^', °^A|, EII^AI R\ 

L\U, M±, 2!, & S! ^± S!XH SSofe &±=£ 1 ~20°l £[CI^ §01 HH 01 & Xl&SJ 5 

012, 43H2I Eb A1S l^U □« * SID. 
10. HI 9&0II SlOUt 

iS!^ 2S UBLHCHXIfe R ; Si 83>| feM gJ&t*| 1£| £(Cl^s ^ISE! 2(Sfg°i SJg. 

S^if 11 . Si 990II SlOUi, 

feOI a«H*i 2S UEHHOIIIfe 5f^S0l sfe 0, 1 PJ asg2! gfB. 



9-8 



^■1998-025282 



o 
E 
E 



1 .6 
1 .4 
1 .2 
1 



£ °- 8 

CD 

* 0.6 

>> 

:= 0.4 

u 

< 0.2 



III 
■ ■■ ■ 

= . 

- , 

-Vv ...-.J 



TO 



■ ■■• > 

*-:•»:-»•-•.-: 

lis 
III 



:••«:•:*; 

'■ " 

mm 

I I 



0.35 0.54 0.85 
OH^ (mmol/g) 



I .18 
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